The median plane of the main magnetic field of the Eindhoven AVF Cyclotron does not coincide with the midplane of the cyclotron magnet at small radii. This tends to decrease the axial acceptance of the cyclotron for the injected beam.
The effect of an asymmetric excitation of inner circular correction coils is described. With this it is possible to alter the position of the magnetic median plane and thereby change the area of the axial acceptance of the cyclotron.
A deflection voltage on axial deflection plates in the centre of the cyclotron can shift the axial cyclotron acceptance, so as to properly match the ion source emittance. In combination with the asymmetric excitation of inner circular correction coils this parameter provides a good means to optimize the beam current in the centre of the cyclotron.
Finally, numerical calculations show that there is only a small effect on the ion beam of an accelerating gap which has an inclined dee with respect to the dummy dee.
Introduction
In many experiments on the beam behaviour in the centre of the Eindhoven AVF Cyclotron it turned out that the ion beam does not move in the plane of symmetry of the cyclotron magnet. The difference in vertical position of the orbit on two successive revolutions can amount to several millimeters.
Examinations to explane these deviations and to possibly correct for them, were undertaken. They are based on the magnetic field data I and on three dimensional electric field maps of the electrode system in the central region 2,3. The magnetic and electric field data are used in a numerical particle trajectory program that is especially suited for the calculation of the horizontal and vertical particle motion in the central region of 
The effective median plane
In ideal magnetic and electric fields in the cyclotron the axial particle motion is described by the differential equation : situation is given, for ZB = 6 mm and ZB2 = 5 mm.
must remark that the effec ive median plane is phas dependent because the electric focusing is phase de dent. (5) azimuth 90 deg. after the first dee gap crossing, and yield the axial cyclotron acceptance.
We will show two cases :
a. the axial cyclotron acceptance using the conventional ion source. For this case the vertical opening of the cyclotron is 20 mm.
b. The axial acceptance of the cyclotron using the trochoidal injector system 6. This system is used at the Eindhoven cyclotron for injection of polarised protons of 5 keV initial energy. In this case the vertical opening of the cyclotron is 8 mm. For the above mentioned cases the oscillation amplitudes may not be larger than 10 mm and 4 mm respectively. When median plane errors are present, they have to be even smaller.
In figure 4 and figure 5 the axial cyclotron acceptances are drawn. They are given for the case with no median plane error, for the case with a median plane error present due to the main magnetic field, and in the case after correction by asymmetric excitation of coils B1 and B2. It is seen that the axial acceptance diminishes substantially, or even vanishes for the situation of 8 mm vertical opening, due to the deviation of the main magnetic field median plane with the cyclotron magnet midplane. A proper asymmetrical excitation of correction coils B1 and B2 can largely restore the axial acceptance.
Axial deflection
Electric fields, especially between ion source and puller, can have a certain angle with respect to the symmetry plane of the cyclotron magnet due to a small inclination of the chimney or due to a wrong axial position of the ion source. Because of these fields axial oscillations can be induced. In the Eindhoven cyclotron The effect of a deflection voltage at a certain azimuthal position is a shift of the ion beam emittance along the z-axis in the axial phase space at that azimuth, or conversely a shift of the cyclotron acceptance in the opposite direction. The magnitude of the shift can easily be calculated in terms of the particle energy, deflection voltage and azimuthal extent of the deflection plates. The shift of the cyclotron acceptance has been transformed back to the azimuth of 90 deg. under the puller (cf. figure 6 ). At this azimuth we have also indicated the shift of the ion source emittance when the vertical position is lowered, and when the chimney is inclined with respect to the magnetic field lines. An inclination of the chimney of several mrad can easily occur. The figure shows that such an inclination can be corrected for by the deflecting voltage. Exact positioning of the dee with respect to the dummy dee is a tedious task. Misalignments of a few millimeter can easily occur. A vertical misalignment of the dee with respect to the dummy dee at a particular dee gap crossing can be described by a rotation of the electric field around the centre point in the dee gap at that crossing. Then to the weak vertical electric field components a portion is added of the strong accelerating field components.
An overall vertical displacement of the dee with respect to the dummy dee seems to yield a negligable effect since the vertical displacement of the dee on the one crossing is roughly compensated at the next crossing. However, for a vertical inclination of the dee along the dee gap with respect to the dummy dee the vertical displacements at the successive turns are additive. We have investigated these effects numerically by applying a position dependent rotation to the electric fields encountered by the particles. As said the numerical trajectory calculation program uses a three dimensional electric field map measured for the cyclotron centre. The results of these numerical evaluations will be mentioned briefly : - 
